Abstract A new strain of psychrophilic bacteria (designated strain AMS8) from Antarctic soil was screened for extracellular lipolytic activity and further analyzed using molecular approach. Analysis of 16S rDNA showed that strain AMS8 was similar to Pseudomonas sp. A lipase gene named lipAMS8 was successfully isolated from strain AMS8, cloned, sequenced and overexpressed in Escherichia coli. Sequence analysis revealed that lipAMS8 consist of 1,431 bp nucleotides that encoded a polypeptide consisting of 476 amino acids. It lacked an N-terminal signal peptide and contained a glycine-and aspartate-rich nonapeptide sequence at the C-terminus, which are known to be the characteristics of repeats-in-toxin bacterial lipases. Furthermore, the substrate binding site of lipAMS8 was identified as S 207 , D 255 and H 313 , based on homology modeling and multiple sequence alignment. Crude lipase exhibited maximum activity at 20°C and retained almost 50 % of its activity at 10°C. The molecular weight of lipAMS8 was estimated to be 50 kDa via sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE).
Introduction
Earth's biosphere is dominated by low temperature environments and have been successfully colonized by largely diversified organisms, in particular bacteria, yeasts, unicellular algae and fungi. These unique microorganisms have lately attracted attention due to their ability to permanently cope to cold environments, unlike microorganisms that may experience only a transient periods of cold [9, 25] . While the cytoplasmic membranes and enzymes of most cells tend to become rigid and inactive when the temperature drops, these organisms have successfully overcome those barriers existing at low temperatures by maintaining membrane fluidity and optimal enzymatic activity [5] .
Enzymes are an essential target for the adaptation of an organism to a cold environment. Due to the requirement of low activation energy and its capability to possess high activity at low temperature, these enzymes have great prospective in the development of energy saving products. Lipolytic enzymes are currently attracting an enormous attention because of their biotechnological potential. For instance, cold-adapted lipases are largely used in the detergent industry, where cold washing reduces both energy consumption and the wear and tear of textile fibers. They are also preferred in the food industry, as these enzymes can be inactivated at reasonably low temperatures, and by that conserving the nutritional quality of the food. Additionally, they are used in environmental applications such as wastewater treatment and bioremediation of fat-contaminated cold environments [14, 22, 27] .
Although psychrophiles and their enzymes have potential applications in broad range, there are drawbacks on the large scale fermentation of psychrophilic microorganisms. This is due to low production level of the wild strains and the excessive cost of growing wild strains at low temperatures. These accentuate the need for the heterologous expression systems, where the gene encoding for a psychrophilic protein is overexpresses in a mesophilic host. Besides assisting in the large scale production, the use of recombinant bacterial lipases also minimize the hitch in further research exploration [10] . Here we report on the isolation, sequence analysis, homology modeling and heterologous expression of a cold-adapted lipase from an Antarctic microorganism.
Materials and Methods

Sources of Microorganisms
Eleven isolates obtained from soil collected in Casey Station, Antarctica (designated strains A1 to A11) were analyzed in this study. All isolates were screened for lypolytic activity, and the isolate with highest lipase activity was used in further studies.
Qualitative Analysis of Lypolytic Activity
All eleven isolates were screened for extracellular lipase activity on tributyrin agar plates. Hydrolysis of the tributyrin by a lipase was confirmed by the formation of a halo zone around the colonies on the plate. Positive isolates were then tested again for lipase activity on triolein and Rhodamine B agar plates at 4°C. For triolein agar plates, lypolytic activity was detected by the presence of intense blue coloration (observed under white light) around the colonies. In contrast, lypolytic activity on Rhodamine B agar plates was detected by the formation of an orange fluorescent halo (observed under UV light) around the colonies.
Quantitative Analysis of Lypolytic Activity
A single colony of each isolate was picked off a nutrient agar plate and inoculated into 10 mL of tryptone soy broth. After 3 days of incubation at 4°C while shaking, 1 % v/v of each culture was inoculated into 50 mL of production medium containing peptone (1 % w/v), K 2 HPO 4 (0.1 % w/v), MgSO 4 (0.01 % w/v), olive oil (2 % v/v) and glucose (0.2 % w/v). The isolates were then incubated for an additional 3 days at 4°C while shaking. Finally, a sample of crude enzyme was obtained after centrifugation at 10,000g for 10 min.
Lipase activity was assessed by a simple and rapid colorimetric method that was modified from Kwon and Rhee [19] . The amount of free fatty acids (FFAs) dissolved in the isooctane layer, which was measured by spectroscopy at 715 nm, determined the lipase activity. One unit (U) of lipase activity was defined as the amount of FFAs liberated per minute under standard assay conditions.
Identification of Strain AMS8
Morphological Study
A pure bacterial strain was streaked on a nutrient agar plate and incubated at 4°C for 72 h. A single colony was then subjected to Gram staining and observed under the light microscope.
16S rDNA Analysis
Genomic DNA from strain AMS8 was extracted using the Wizard Ò genomic DNA purification kit (Promega, USA) according to the manufacturer's instructions. The 16S rDNA sequence was amplified via polymerase chain reaction (PCR) using two universal primers: 16S forward (5 0 -AGA GTT TGA TCC TGG CTC AG-3 0 ) and 16S reverse (5 0 -ACG GCT ACC TTG TTA CGA CTT-3 0 ). The amplified PCR product was purified using the QIAquick gel extraction kit (Qiagen, Germany) according to the manufacturer's protocol. After the PCR product was sequenced, an apparent homology search of the GenBank database (NCBI) was performed. The 16S rDNA sequence of strain AMS8 was analyzed using the software package MEGA 4 [31] .
Lipase Gene Isolation and Sequence Analysis
Isolation of the lipase-encoding gene was carried out using four sets of PCR primers. The first set of primers was designed based on a multiple sequence alignment of several lipases isolated from Pseudomonas sp. This alignment was performed using CLUSTALW in Biology Workbench 3.2. The first set of primers (forward: 5 0 -CGG TCA ACA GCA TGG CGG ATT-3 0 and reverse: 5 0 -GTA GTG GTC GTT GAA GCT GAC GAT-3 0 ) amplified a 242 bp product. Based on the results obtained from the previously mentioned homology search, the second set of primers was designed (forward 5 0 -ATG GGT TTT GAC TAT AAA-3 0 and reverse 5 0 -TTA GCT GAT GGA AAT TCC ATC-3 0 ) to amplify a 1,432 bp product. The purified PCR product was cloned into the pTZ57R/T vector following the instruction provided by the InsTAclone TM PCR Cloning kit. The recombinant plasmid was extracted according to the protocol provided by the GeneAll Ò Exprep TM Plasmid Quick kit (GeneAll, Korea), and was subsequently sequenced and analyzed. The GenBank database from NCBI was used to perform an apparent homology search for the amplified lipase. The amino acid composition and molecular weight of the lipase were predicted using Expasy Tools. The conserved regions were analyzed via multiple sequence alignment using CLUSTALW and homology modeling was accomplished using YASARA software [17] . The lipase sequence was also analyzed for the presence of a signal peptide by the online SignalP 3.0 Server program. The entire nucleotide sequence of the amplified DNA was confirmed by sequencing in both orientation.
Heterologous Expression of lipAMS8
Various strains of Escherichia coli [Top10, BL21(De3), BL21(De3)pLysS and Origami B(De3)], transformed with different recombinant constructs were cultivated in a 100 mL of Luria-Bertani (LB) medium containing 50 lg/ mL ampicillin at 37°C with shaking. IPTG was added to the medium at a final concentration of 0.5 mM when the turbidity at 600 nm of culture reached 0.5. After another 12-h cultivation at 20°C, the cells were harvested and resuspended in 10 mL of phosphate buffer (50 mM; pH 7) prior to sonication. The cell lysate was then subjected to the previously described colorimetric lipase assay at different temperatures ranging from 10 to 60°C.
Effect of Inducer Concentration on Lipase Production
Escherichia coli containing the recombinant plasmid with the highest intracellular expression was induced with different IPTG concentration ranging from 0 to 2 mM at OD 600 of 0.5 for 12 h. The cell lysate was obtained and subjected to colorimetric lipase assay at a single designated temperature.
Effect of Induction A 600nm on Lipase Production
Escherichia coli harboring the recombinant plasmid was induced at different A 600 ranging from 0.25 to 1.00 at 0.25 intervals. The culture was induced with 0.05 mM IPTG for 12 h of induction period. The cleared cell lysate was subjected to lipase assay intracellularly.
Effect of Temperature on Lipase Production
The recombinant clone was cultured at various temperatures (15, 20, 25 and 30°C) for lipase expression study. It was induced with 0.05 mM IPTG at OD 600 of 0.5 for 12 h. The cell lysate (intracellular) was then subjected to colorimetric lipase assay.
Effect of Induction Time on Lipase Production
Escherichia coli harboring recombinant plasmid was induced with 0.05 mM IPTG from 0 to 24 h at every 4 h intervals. The intracellular expression level was determined through lipase assay.
Molecular Weight Determination
The molecular weight of lipAMS8 lipase was determined via Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). A small scale purification was performed to obtain a homogenous protein. 5 mL cell lysate obtained after sonication was loaded onto 1 mL
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Nickel Sepharose resin in a gravity column. The column was then eluted with a linear imidazole gradient from 0 to 300 mM. The purified protein and the crude were resuspended directly to 10 9 SDS sample buffer containing 1 M Tris-HCl (pH 6.8), 20 % SDS and 1 % bromophenol blue, without further boiling, prior to loading into nondenaturing SDS-PAGE. The SDS-PAGE was carried out according to the method described by Laemmli [20] . One aliquot (10 lL) was loaded onto 12 % SDS-PAGE and electrophoresed at 30 mA for 1.5 h. The gel was the stained with Coomassie brilliant blue R 250 for 10 min and destained.
Nucleotide and Protein Sequence Accession Numbers
The nucleotide and protein sequences lipAMS8 lipase have been deposited in the GenBank database of NCBI under the accession numbers HQ162821 and ADM87309 respectively.
Results
Screening for Cold-Adapted lipase producer
Because of their ability to thrive at low temperatures, psychrophiles are widely distributed throughout the 70 % of the earth's surface that is dominated by low-temperature environments. Polar regions such as Antarctica provide an ideal environment for the colonization of cold-adapted organisms. Microbial isolates obtained from Antarctic soil were screened for extracellular lipase production on tributyrin agar plates, and all 11 isolates produced a zone of clearance surrounding each colony after 3 days of incubation at 4°C. This clear zone resulted from the hydrolysis of tributyrin by the lypolytic activity of the isolates. Tributyrin is a four carbon compound that naturally exists in a soluble form. This substrate is not only susceptible to hydrolysis by lipases but also by esterases. Like lipases, esterases have the ability to cleave ester bonds, but unlike lipases, they are limited to short chain fatty acids and water-soluble substrates. In comparison to esterases, lipases not only have a broader substrate range, but are also more active towards the aggregated state of a substrate. In order to confirm that the tributyrin hydrolysis was due to the production of a lipase and not an esterase, all of the isolates were further screened on triolein and Rhodamine B agar plates, as both contain substrates with a higher carbon number. Long chain fatty acids are typically insoluble and exist in the form of an emulsion, rendering them susceptible to hydrolysis exclusively by lipases [11] . Lipase production on triolein and Rhodamine B agar plates can be monitored by the presence of a colored halo around the bacterial colony, which is triggered by the presence of FFA that are liberated as the result of substrate hydrolysis by a lipase. Out of the 11 isolates that were tested, only eight were positive for lipase production; those next underwent quantitative analysis. The temperature at which the lipases exhibited maximum activity was not known; however, the previously described screening experiments demonstrated that all eight isolates exhibited lypolytic activity at 4°C, so all assays were done at that temperature. The enzymatic assay showed that strain AMS8 demonstrated the highest lipase activity (0.056 U/mL); therefore, it was used for all further studies.
AMS8 Strain Identification and Phylogenetic Tree Analysis
Microscopic analysis revealed that strain AMS8 was a rodshaped, Gram-negative bacterium. Partial sequencing of the 16S rDNA revealed that strain AMS8 showed high similarity to bacteria of the genus Pseudomonas, with 99 % similarity to P. migulae, P. brenneri and P. collierea, 98 % similarity to P. proteolytica, P. fluorescens and P. azotoformans, 97 % similarity to P. pavonaceae and 93 % similarity to P. aeruginosa. The evolutionary relationship between isolate AMS8 and these species of Pseudomonas was determined via construction of a phylogenetic tree (Fig. 1 ). This analysis confirmed that with the exception of Pseudomonas aeruginosa, all of these species shared a common ancestor, and strain AMS8 was most closely related to Pseudomonas brenneri. Based on the 16S rDNA analysis, P. brenneri falls in the same group as P. fluorescens.
Isolation and Analysis of lipAMS8
Sequence analysis of the amplified lipAMS8 gene revealed an open reading frame of 1,431 nucleotides encoding a 476-amino acid peptide with a predicted molecular mass of 50,019.35 Da and an isoelectric point of 4.83. The lip-AMS8 gene contained 58.8 % G ? C base pairs, and it was predicted to lack a signal peptide. A BLAST search for protein sequence similarity showed that lipAMS8 was closely related (97 % similarity) to an extracellular lipase from Pseudomonas fluorescens strain No. 33. While P. fluorescens strain No. 33 was isolated from milk and its extracellular lipase was reported to be thermostable [18] , lipAMS8 isolated from our strain AMS8 exhibited maximum activity at 20°C and was fairly stable up to 30°C, after which its activity gradually decreased upon prolonged temperature treatment. Furthermore, it was identified to retain almost 50 % of its activity at 10°C (data not shown), showing lipAMS8 to be cold-adapted. The difference in identity by 3 % is believed to contribute to great changes to the structure of both the lipases, resulting in one ending up as thermostable and the other as cold-adapted. Pseudomonas lipases were the first true lipases to be studied and have a prominent role in various industries [7] . Unlike other bacterial lipases, Pseudomonas lipases are classified into 3 groups (I-III). Group I and -II lipases share common characteristics, which include the existence of an N-terminal signal peptide and a disulfide bridge. The groups differ in terms of their molecular mass (30-35 kDa), with group I lipases being slightly heavier than group II lipases. Lipases from P. cepacia [1] belong to group I, where as lipases from P. aeruginosa [24] belong to group II. Lipases from P. fluorescens belong to group III, similar to Serratia marcescens lipases. These lipases weigh more than 50 kDa and do not contain a signal peptide. In addition, they do not require any chaperone-like proteins (also known as lipase-specific foldases) for activation. These chaperone proteins are located downstream of the lipase structural gene and form a complex with the mature lipase, assisting in its proper folding and allowing it to reach its native structural conformation [16] . The properties of lipAMS8 point to its classification as a group III Pseudomonas lipase.
All of the group III lipases share a similar pentapeptide region (Fig. 2) , which is a highly conserved region in the majority of lypolytic enzymes that generally contains a serine residue at the active site. Because group III lipases do not have a signal peptide, protein secretion is aided by a glycine-and aspartate-rich sequence, GGXGXDXUX (where X represents any amino acid residue and U represents a hydrophobic residue) at the C-terminus (Fig. 2 ) [33] . This sequence codes for a repeats-in-toxin (RTX) exoprotein, which was first introduced by Rodney A. Welch and is responsible for the export of the protein across the bacterial envelope via the type I secretion system [21] .
Homology Modelling
The amino acid composition of lipAMS8 showed that it has a high clustering of glycine residues (14.5 %), low arginine and proline content (2.3 and 3.2 % respectively), lower content of aromatic amino acids (9.9 %) and no cysteine residues. Arginine is well known as a stabilizing residue because it is capable of forming five hydrogen bonds with three nitrogen atoms of the planar guanidinum group and two salt bridges with acidic groups. Proline residues can be covalently bonded to nitrogen atoms, and cysteine is responsible for the formation of a disulfide bridge. The lack of these bonding amino acids in lipAMS8 plays an important role in the structural adaptations of lipAMS8. Several factors can contribute to the flexibility of a protein's structure, including a decrease in the number of bonds or aromatic and hydrophobic interactions, as well as an increase in number of glycine residues. Enzyme catalysis at low temperatures is highly enhanced by this flexibility [2, 4, 9] . However, amino acid composition is not the main factor, as the position of these amino acids in the 3D structure of a protein is more important in determining the flexibility.
The 3D structure of lipAMS8 was predicted through homology modeling using the YASARA software. Prior to this study, the only two structures of cold-adapted lipases that had been predicted are a lipase from Pseudomonas fragi [3] and another from Psychrobacter sp. TA144 [29] . Among group III lipases, only two crystal structures have been solved, one being an extracellular lipase from Serratia marcescens (SML) [23] and the other a lipase from Pseudomonas sp. MIS38 (PML) [6] . Both crystal structures have been used here as the template (65 and 78 % similarity respectively) to predict the structure of lipAMS8.
lipAMS8 contains a catalytic triad site and lid similar to that of PML (Fig. 3a) . Homology modeling also showed that lipAMS8 has two b-roll motifs (Fig. 3b) , are laterally stacked together forming a b-roll sandwich. Alignment of Fig. 1 Phylogenetic position of strain AMS8 with other validly described species of Pseudomonas. The members of genus Pseudomonas used include P. brenneri, P. migulae, P. collierea, P. proteolytica, P. azotoformans, P. fluorescens, P. pavonaceae, and P. aeruginosa. The software MEGA 4 was used for analysis Cold-Adapted RTX Lipase 321
lipAMS8 to SML and PML lipase sequences (Fig. 2) showed that lipAMS8 lipase, like Pseudomonas sp. KB700A lipase (KBL) [28] BAA36468  ADM87309  BAB64913  2Z8X  2QUA   BAA36468  ADM87309  BAB64913  2Z8X  2QUA   BAA36468  ADM87309  BAB64913  2Z8X  2QUA   BAA36468  ADM87309  BAB64913  2Z8X  2QUA   BAA36468  ADM87309  BAB64913  2Z8X  2QUA   BAA36468  ADM87309  BAB64913  2Z8X  2QUA   BAA36468  ADM87309  BAB64913  2Z8X  2QUA   179  AFGTLLKDVAAYAGSHGLTGKDVVVSGHSLGGLAVNSMADLSGNKWSGFYKDSNYVAYAS  179  AFGTLLKDVAAYAGSHGLTGKDVVVSGHSLGGLAVNSMADLSGNKWSGFYKDSNYVAYAS  179  AFGGLLKNVADYASAHGLSGHDVVVSGHSLGGLAVNSMADLSSSKWAGFYQDANYLAYAS  179  AFGNLLNDVVAFAKANGLSGKDVLVSGHSLGGLAVNSMADLSGGKWGGFFADSNYIAYAS  181 AFGNLLGDVAKFAQAHGLSGEDVVVSGHSLGGLAVNSMAAQSDANWGGFYAQSNYVAFAS
------------------------------------------------------------------------------------------------------------------------
LKSDSGLKAYAAATGGDGDDVLQARSHDAWLFGNAGNDTLIGHAGGNLTFVGGSGDDILK expression host as it remains valuable for efficient, costeffective and high-level production of heterologous proteins [8, 13] . From the study, lipAMS8 lipase gene achieved the highest expression level using the combination of pET32b(?) vector in E. coli strain BL21(De3). Optimizing expression by varying inducer concentration is needed to control the rate of expression so that protein folding can be increased to produce soluble protein. The E. coli strain BL21(De3) harboring recombinant plasmid pET32b/lipAMS8 was induced with different IPTG concentration up to a final concentration of 2 mM to optimize the lipase production. Due to the loose regulation of pET32b(?) vector in BL21(De3), the protein was even expressed under the absence of inducer (6.964 U/mL). The highest lipase activity (11.2 U/mL) was detected after 12 h of induction with 0.1 mM IPTG. However, the activity just varied by 2 % compared to the induction by 0.05 mM IPTG (data not shown). Besides reducing the cost of fermentation, a low inducer concentration is known to lower the cell toxicity, making large scale production of recombinant protein more feasible [15] . Thus, we concluded a final IPTG concentration of 0.05 mM was sufficient for maximum intracellular lipase production. Different culture will be ready for different induction stage due to the difference in lag time or growth rate. An instantaneous increase in the energy requirement in recombinant cells after induction tend to cause an increase in acetate production. Acetate accumulation in the culture medium might further inhibit cell metabolism and consequently the growth of recombinant culture. This may accelerate a stress response when a target protein is highly expressed during an early induction. Whereas high A 600nm induction might limit or decrease the chemical uptake capability. Owing to that, a low inducer concentration may not be able to fully drive the promoter for protein synthesis. Thus, suitable stage of induction is important to improve the recombinant protein production [30] . The pET32b/lip-AMS8 recombinant construct was induced at different A 600nm ranging from 0.25 to 1.00 with 0.05 mM of IPTG for 12 h at 20°C. The A 600nm of approximately 0.5 was best for inducing the recombinant plasmid with an expression level of 7.66 U/mL (data not shown).
------TFLFGGQFGQDRVIGYQPTDKLVFRDVEG---SADWRDHAKVVGSDTVLSFGAD ------TFLFGGQFGQDRVIGYQSTDKLVFKDVEG---SADWRDHAKVVGGDTVLSFGAD ------TFLFSGPFGQDRIIGYQATDKLVFRDVDG---SADYRDHAKVVGGDTVISFGAD
The effect of induction temperature and time on intracellular lipAMS8 lipase expression was also studied. The E. coli BL21(De3) harboring recombinant plasmid pET32b/lipAMS8 was induced at temperature ranging from 15 to 30°C. Low temperatures (15 and 20°C) increased the solubility of the expressed proteins (lipase activity of 8.986 and 7.525 U/mL respectively), whereas high temperatures (25 and 30°C) resulted in plasmid instability and hence reduced the expression level (lipase activity of 3.608 and 1.739 U/mL respectively). The effect of post-induction time was investigated by inducing the culture with 0.05 mM IPTG at 15°C up to 24 h with every 4 h interval. Induction with IPTG readily activated the T7lac promoter even within 4 h of induction. The highest expression level was detected at 8 h of induction (9.493 U/mL) and the expression gradually decreased from 12 to 24 h (data not shown).
Expression of the protein was confirmed on SDS-PAGE stained with Coomassie Blue. The molecular mass of the target protein was determined by comparing it with a protein marker. A protein band was observed at approximately 65 kDa (Fig. 4) . The size of the protein band was in agreement with the size of lipAMS8 lipase (50 kDa), as determined through online prediction, merged with the fusion protein (15 kDa) from the vector. These results suggested that the lipAMS8 lipase was successfully cloned and expressed in an E. coli system.
Discussion
The aim of this work is the recombinant production and molecular modeling of lipAMS8 lipase. We successfully cloned and expressed a cold-adapted lipase gene from Antarctic Pseudomonas sp. strain AMS8. At present, many cold-adapted lipases isolated from psychrophilic bacteria have been studied, such as lipase (PFL) produced by Pseudomonas fragi; cold-adapted lipase (KBL) produced by a psychrotrophic Pseudomonas sp. strain KB700A; cold-adapted lipase (LipP) from an Alaskan Psychrotrophic Pseudomonas sp. strain B11-1 and lipase from psychrotrophic P. fluorescens No. 33 [18, 32] . lipAMS8 lipase was Fig. 3 a, b obtained from a Pseudomonas sp. isolated from Antarctic soil, which showed sigmoidal growth even at -3°C. This is believed to contribute to a better flexibility and adaptation properties of lipAMS8 lipase. Although the amino acid sequence of lipAMS8 lipase was 97 % identical to that from P. fluorescens No. 33, their characterization are quite different. Based on the reported data, they share different thermostability and isoelectric point [18] . The further studies on protein expression and molecular modeling of this lipase was never reported. Pseudomonas is the most diverse and omnipresent bacterial genus and can be isolated worldwide from a variety of environments [26] . The ability of Pseudomonas to secrete a large number of extracellular enzymes that can catalyze a wide range of reactions makes Pseudomonas potentially useful in a variety of biotechnological applications [12] . lipAMS8 belonged to group III Pseudomonas lipases, similar to lipases from Pseudomonas sp. KB700A (KBL), Pseudomonas sp. MIS38 (2Z8X) (PML) and Serratia marcescens (2QUA) (SML). The crystal structure of PML and SML have been reported and they served as the template for the prediction of lipAMS8 lipase structure, each with 65 and 78 % similarity to the predicted structure [6, 23] . All four lipases listed shared a distinct sequence called RTX repeats which is not present in neither group I or group II lipases. However, the lipAMS8 lipase and KBL are truncated by 141 amino acids between Asn 405 and Thr 406 , which are part of RTX repeats. It has been shown that at least six RTX repeats are required to form a proper b-roll motif, which is then able to maintain the function and integrity of the protein structure. PML and SML contain 12 RTX repeats and they have both reported on protein secretion via the type I secretion system and folding of the C-domain. It has been proposed that the folding of the C-domain is required to make the conformation of the N-catalytic domain functional and to protect the lipase from intracellular proteolytic degradation [6] . In contrast, The first b-roll motif of lipAMS8 and KBL contained three RTX repeats, and the second b-roll motif contained one RTX repeat. In the KBL lipase, the first b-roll motif spans residues 369-402, contains three RTX repeats and binds three Ca 2? ions, while the second b-roll motif is located between residues 414 and 476, contains one RTX repeat and binds to a single Ca 2? ion. Even if a b-roll sandwich is formed, it might not have six RTX repeats. Nevertheless, KBL was still reported to be catalytically active when expressed in E. coli [28] . Similarly, lipAMS8 lipase had also been shown to be successfully expressed intracellularly in various E. coli system. Thus, it showed that the reduced number of repeats are still likely to promote proper protein folding. However, no crystal structure of the truncated lipases comprising group III have been solved to date, and further studies will be necessary to elucidate the precise differences among the lipases from this group.
In this study, we achieved a higher expression level of soluble lipAMS8 lipase in pET system, which have gained increasing popularity in recent years, expressed in E. coli. Several criteria were evaluated to assess a better expression level of lipAMS8 lipase. To date, a complete optimization studies for expression system is rarely reported. We have successfully expressed lipAMS8 lipase in efficient, costeffective host, with a minimum usage of inducer concentration and induction time. lipAMS8 lipase was also successfully expressed at low induction temperature, which had been reported to increase the production of recombinant proteins in the soluble fraction in E. coli. These studies will be a great value for large scale production of the lipAMS8 lipase.
Conclusion
An isolate from Antarctic soil was shown to produce a cold-adapted lipase that shared high similarity with lipases produced by members of the genus Pseudomonas. A lipase gene (lipAMS8) was successfully isolated, cloned and expressed intracellularly. Its recombinant protein displayed Fig. 4 The SDS-PAGE and activity staining of the recombinant lipAMS8 lipase. SDS-PAGE was conducted in 12 % acrylamide gel and the protein was stained with Coomassie blue R 250. Lane 2 and 3 represent the crude and homogenous protein of lipAMS8 lipase respectively. Lane 4 represents the activity staining of lipAMS8 lipase. The gel was stained in a solution containing 20 % (v/v) isopropanol and destained with distilled water. The destained gel was placed on a agar plate containing tributyrin and incubated at 4°C maximum activity at 20°C, with almost 50 % of its activity retained at temperature lower than that. Sequence analysis revealed that lipAMS8 belonged to the group III lipases of Pseudomonas. lipAMS8 shared homology with the crystal structure of PML and SML. However, a question remains regarding the reduced number of amino acids observed in lipAMS8 as compared to the other two crystal structures, as the current information on lipases from group III is still incomplete and scattered. Further studies are needed to address this unresolved question, as the answer might lead to a better understanding of enzyme adaptation.
